AD-761  491 


DEVELOPMENT  OF  A  ROLLING  MANEUVER 
SPECTRUM  FROM  STATISTICAL  FLIGHT  LOADS 
DATA 

John  W.  Rustenburg 

Aeronautical  Systems  Division 
Wright  -  Patter  s  on  Air  Force  Base,  Ohio 

April  1973 


DISTRIBUTED  BY: 


Nit M  Technical  Information  Service 
D.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  Va.  22151 


DEVELOPMENT  OF  A  ROLLING  MANEUVER  SPECTRUM 
FROM  STATISTICAL  FLIGHT  LOADS  DATA 


JOHN  W.  RVSTENBURG 


TECHNICAL  REPORT  ASD-TR-72-1 1 3 


•APRIL  1973 


D  D  CV 

QEf 

||  m  m  m 


IbLiSEll  U 

B 


This  document  has  been  approved  for  public  release 
and  sale;  iu  distribution  is  unlimited. 

Rtprociuctd  by 

,national  technical  • 

INFORMATION  SERVICE 

Spr’-  VA  2215  J 


DIRECTORATE  OF  SYSTEMS  ENGINEERING 
AERON.AtmCAI.  SYSTEMS  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
WRIOHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related  Government  procurement  operation, 
the  United  States  Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  government  may  have  formulated,  furnished,  or  in 
any  way  supplied  the  said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded 
by  Implication  or  otherwise  »as  in  any  nanher  licensing  the  holder  or  any  other  person 
or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell  any 
patented  invention  that  may  in  any  way  be  related  thereto. 


Copies  of  this  report  should  not  bsretumd  unless  roturn  is  required  by  security 
consit^ratipns,  contractual  obligations,  or  notice  on  a  specific  document, 

AIR  FORCE/36780/21 


UNCLASSIFIED 

I  DOCUMENT  CONTROL  DATA  -  R  &  D 

I  (Sacurily  clmaallictUon  ot  tit!*,  body  of  mb  a  tract  and  indtxlnj  annotation  mu  at  ba  anlorad  whan  fho  ovarall  report  I  *  ''aaaltiad) 

BTT  ORIGINATING  ACTIVITY  (Corpotataauthot)  *|2«.  REPORT  SECURITY  CLAISlf  iCATION 


Aeronautical  Systems  Division 
Wright- Patterson  Air  Force  Base,  Ohio 


|9.  REPORT  TITLE 


Development  of  a  Rolling  Maneuver  Spectrum  from  Statistical  Flight  Loads  Data 


I  4.  descriptive  NOTE*  (Typa  o  t  t+pctt  tnd  inetualva  tetaa) 


I  ■■  Ai/THORttj  (Pint  nama,  mtddla  Initial,  loat  nama) 


John  W.  Rustenburg 


■  •rREPORT  DATE 


fiirCOHTRAC7  OR  QRANT  HO. 


74.  TOTAL  HO.  OP  PACES  76.  NO.  OP  REPS 

SO 

94.'ORtOINATOR'l  REPORT  NUM  DERIS) 


6.  PROJECT  NO. 


ASD-TR-72-113 


System  No,  139A 


(96.  OTHER  REPORT  HO(S)  (Any  othftr  XMlOtteN  that  may  bo  aaalQnad 
thla  report) 


I  10.  DISTRIBUTION  STATEMENT 


Approved  for  public  release  and  sale;  distribution  unlimited 


i  SUPPLKMEMTAMY  NOTKS  "  1 2.  f PON.ORIN3  MILITARY  *CTI VITV 

Directorate  of  Systems  Engineering 
Aeronautical  Systems  Division 
\ip  Force  Systems  Command 

_ _ _ _ _ Wnght-Patterson  Air  Force  Base.  Ohio 

ABSTRACT  * 

^Absence  of  clearly  definod  anti&ymmetrical  fatigue  load  spectra  in  military 
specifications  has  resulted  in  questions  regarding  the  '\-_ldity  of  roiling 
maneuver,  spectra  applied  to  the  B-l  design.  In  re^nse,  multiparameter  flight 
loads  data  measured  on  the  F-5A  and  F/105D  aircraft  was-’evaluated  and  used  in 
the  development  of  a  probability  of  exceedaiK .  curve  for  the  normalized,  wing 
tip  helix  angle.  The  normalized  probability  curve  can  be  used  in  conjunction  with 
any  specified  normal  load  factor  spectrum  and  the  airplane’s  maximum  pb/2V 
capabilities  to  determine  the  occurrence  rate  of  rolling  velocity  peaks.  The 
approach  should  provide  at  least  a  first  order  estimate  of  possible  rolling 
velocity  spectra  which  can  be  applied  in  aircraft  fatigue  design  for 
antisymmetries!  maneuver  conditions  •  (  ) 


DD  .5r„1473' 


Security  Clatsificitlon 


au.s, Government  Prlnllna  Officer  1973  —  7S8-493/521 


Security  CUteiflcetion 


ASD-TR-72'113 


DEVELOPMENT  OF  A  ROLLING  MANEUVER  SPECTRUM 
FROM  STATISTICAL  FLIGHT  LOADS  DATA 


JOHN  W.RUSTENBURG 


This  document  has  been  approved  for  public  release 
and  sale;  its  distribution  is  unlimited. 


ASD-TR-72-113 


FOREWORD 

This  report  was  prepared  by  John  W.  Rustenburg,  Airframe  Division, 
Deputy  for  B-l,  under  System  139A,  B-l. 

The  report  results  from  a  study  to  determine  rolling  velocity 
occurrence  spectra  for  possible  application  in  the  B~1  fatigue  design. 
The  manuscript  was  released  by  the  author  in  December  1972  for  publi¬ 
cation  as  a  technical  report. 


The  technical  report  has  been  reviewed  and  is  approved. 


B.  TRENHCLM,  Jr. 
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SECTION  I 
INTRODUCTION 

In  recent  years  increasing  concern  has  been  expi  ~  -i  about  the 
application  of  antisymmetrical  maneuver  spectra  to  airplane  fatigue 
design.  This  concern  has  been  formalized  i”  a  MIL-A-8866A  (USAF) 
requirement  "to  proportion  fatigue  spectra  between  symmetrical  and 
unsymmetrical  maneuvers."  Unfortunately  the  specification  does  not 
define  actual  antisymmetricai  maneuver  spectra  to  be  used.  This 
omission  has  necessitated  the  application  in  fatigue  design  of  rathe.-’ 
arbitrarily  determined  antisymmetric  maneuver  3pectra.  These  anti¬ 
symmetric  spectra  have  usually  taken  the  form  of  rolling  maneuver 
spectra;  these  being  considered  to  be  the  most  critical  antisymmetric 
maneuvers  in  affecting  structural  loads. 

It  was  decided  to  study  available  F-5A  and  F-105D  measured  multi- 
parameter  flight  loads  data  to  attempt  derivation  of  a  more  realistic 
rolling  maneuver  spectrum  than  would  result  from  purely  arbitrary 
approaches. 

Rolling  tail  loads  and  those  items  stressed  by  the  redistribution 
of  loads  due  to  roll  control  displacement  are  usually  most  sensitive 
to  roll  rate.  Rolling  maneuver  loads  calculations  for  the  B-»l  have 
confirmed  that  maximum  loads  occur  at  the  time  of  maximum  rolling 
velocity  with  insignificant  contributions  due  to  rolling  acceleration. 
For  this  reason  the  development  of  a  rolling  maneuver  spectrum  was 
oriented  towards  deriving  a  rolling  velocity  or  roll  rate  spectrum. 
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SECTION  II 
ANALYSIS  OF  DATA 

The  most  common  technique  to  evaluate  the  distribution  and  influence 
of  a  parameter  is  to  determine  the  probability  distribution  or  relative 
frequency  of  the  parameter  peak  values.  Of  additional  value  is  the 
evaluation  of  such  parameter  distributions  correlated  with  simultaneous 
values  of  other  variables. 

Bivariate  tables  from  References  1  and  2  which  summarize  the  para¬ 
meters  of  load  factor,  rolling  velocity,  altitude  and  speed  are  presented 
in  Tables  I  through  VIII.  The  Tables  present  the  number  of  parameter 
peaks  accumulated  within  prescribed  ranges  and  listed  at  the  lower  limit 
of  each  parameter  range.  This  data  was  transformed  into  probability  or 
relative  frequency  distributions  of  parameter  peak  values.  Figures  1 
and  2  present  the  roll  rate  peaks  as  a  function  of  normal  load  factor. 

It  can  be  seen  that  the  relative  frequency  f  roll  rate  peaks  is  fairly 
consistent  over  the  load  factor  range.  Larger  data  scatter  is  mostly 
the  result  of  a  few  or  a  single  occurrence  in  some  of  the  parameter 
ranges.  A  nu  jor  conclusion  to  be  drawn  is  that  the  probability  of 
encounter  of  a  give.,  rolling  velocity  is  hot  significantly  affected  by 
the  normal  load  fac  .or  magnitude  existing  at  the  time.  For  practical 
purposes  this  means  that  a  single  roll  maneuver  probability  curve  could 
be  considered  applicable  to-  all  normal  load  factor  levels. 

References  1  and  L  considered  load  factor  peaks  and  roll  rate  peaks 
to  be  "active*'  when  they  occurred  outside  the  thresholds  0<NZ<2.0,  and 
-30  degr./sec,<p<30  iegr./sec.  It  was  the  interpretation  of  Reference  1 
that  a  flight  maneuver  is  truly  antisymnu  trie  only  when  both  the  rolling 
velocity  and  load  factor  are  outsido  their  respective  thresholds.  Based 
on  this  interpretation  and  the  assumption  that  the  probability  of  a 
rolling  velocity  and  a  normal  load  factor  occurrence  are  dependent  func¬ 
tions,  the  percentage  of  true  rolling  maneuvers  can  be  determined  as  a 
function  of  the  number  of  positive  normal  load  factor  peaks. 
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An  additional  refinement  would  be  to  include  only  xoad  factor  peaks 
which  occurred  up  to  the  maximum  load  factor  leirel  at  which  .oil  velocity 
peaks  were  measured.  The  inherent  assumption  is  that  this  accounts  for 
the  occurrences  up  to  the  airplane's  unsyrametrical  maneuver  load  factor 
limit.  From  Tables  I,  II,  V  and  VI  this  results  in  a  percentage  of  roll 
peak  occurrences  in  terms  of  the  positive  normal  maneuver  peak  occur¬ 
rences  of  (1137/9350)  x  100  e  12.256  for  the  F-5A  and  (278/1956)  x  100  = 
14.2#  for  the  F-105D  aircraft.  For  future  applications  the  use  of  an 
average  value  of  13#  is  suggested. 


Examination  of  Tables  II  and  VI  shows  that  the  number  of  positive 
and  negative  p  values  are  almost  symmetric  about  the  roll  rate  thresholds. 
This  suggests  that  on  the  average  an  equal  number  of  rolls  art.  performed 
in  either  direction.  Figure  3  presents  a  description  of  a  simplified 
rolling  (turning)  maneuver  as  obtained  from  Reference  7.  The  roll  con¬ 
trol  is  displaced,  held  and  returned  to  neutral  with  proper  timing  and 
displacement  to  bank  the  airplane  up  to  an  angle  necessary  to  match  the 
load  factor.  This  bank  angle  and  load  factor  are  held  steady  until  the 
desired  change  in  heading  has  been  accomplished .  Then  the  roll  control 
is  displaced,  held  and  returned  to  neutral  in  order  to  return  tue  air¬ 
craft  to  straight  and  level  flight.  Review  of  References  b  and  8 
indicates  this  maneuver  to  be  typical  of  service  operations  as  well. 

Eased  on  the  abovej  the  rolling  maneuver  occurrences  equal  to  13#  of 
the  normal  load  factor  occurrences  existing  below  the  unsymmetrical 
maneuver  load  factor  limit  should  consist  of  an  equal  number  of  left 
and  right  rolls. 

The  data  from  Tables  IH,  IV,  VH  and  VIII  was  used  to  obtain  rela¬ 
tive  frequency  curves  of  roll  peaks  as  a  function  of  a!  JLtude  and  speed. 
The  results  are  shown  plotted  in  Figures  4,  5.  6  and  7,  As  can  be  seen, 
the  majority  of  roll  peaks  occurred  within  certain  speed  and  altitude 
bands  as  exhibited,  by  the  curve  peaks.  As  will  be  evident  later,  this 
fact  is  of  some  value  in  the  normalization  of  the  basic  data. 
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SECTION  III 
NORMALIZATION  OF  DATA 

A  criterion  in  common  use  for  the  evaluation  of  lateral  control 
effectiveness  is  the  non-dimensional  parameter  £b  or  the  wing  tip  helix 
angle  Flight  research  has  indicated  that  a  pilot’s  concept  of  adequate 
control  power  is  also  tied  closer  to  this  parameter  than  the  actual 
rolling  velocity.  Unfortunately,  the  data  presented  in  Tables  I  through 
VIII  is  not  in  a  form  which  allows  a  direct  determination  of  the  pb 
parameter.  ^ 

Determination  of  the  helix  angle  parameter  requires  knowledge  of 
the  true  velocity.  For  the  data  available  in  Tables  I  through  VIII  the 
calculation  of  true  velocity  is  less  affected  by  the  variation  in 
measured  altitt.de  than  by  the  variation  in  measured  Ve  or  Mach  number. 
Figui as  4  through  7  provide  graphical  support  that  the  use  of  a  constant 
altitude  representative  of  the  majority  of  roil  peak  occurrences  is  jus¬ 
tified  and  will  have  much  less  effect  on  the  final  pb  values  than  the 
assumption  of  constant  Ve  or  Mach  number.  Therefore ;  using  a  constant 
altitude  as  determined  by  the  curve  peaks  of  Figures  4  and  7,  values 
of  job  were  calculated  for  all  roll  peak  velocity  increments  available 
in  &L  es  IV  and  VIII.  The  number  of  occurrences  of  pb  values  within 
intervals  of  incremental  <&pb  =  0.005  radians/second  were  then  tabu¬ 
lated  to  obtain  a  frequency2clistribution  for  job.  The  probability  of 
exceedance  distribution  was  then  obtained  by  progressively  summing 
(starting  with  the  frequency  of  the  largest  value  of  pb)  the  frequency 
distribution  and  then  by  dividing  each  sum  by  the  total  number  of 
occurrences.  The  resulting  distributions  are  plotted  in  Figure  8. 

The  magnitude  of  measured  rolling  velocity  peaks  is  obviously 
dependent  on  the  airplane’s  capability  and  some  fora  of  normalization 
of  the  data  is  necossary  before  it  can  be  applied  to  other  aircraft. 
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It  has  bean  assumed  ■'■hat  a  pilot  utilizes  an  aircraft  in  direct  proportion 
to  its  capability.  Comparisons  of  maximum  parameter  peak  values  measured 
during  combat  or  train,  .g  missions  with  those  determined  during  the  air¬ 
craft  CAT  II  flight  tests  support  the  validity  of  the  assumption.  A 
proportionality  constant  can  then  be  determined  by  dividing  the  recorded 
value  of  any  parameter  peak  by  the  maximum  recorded  or  analytical  value 
of  that  parameter.  For  example: 

/  \ 

Rp  =  \  2V  /  actual  recorded 

/  £b  \ 

\  2V  /  maximum  recorded 

In  this  manner  the  data  presented  in  Figure  8  was  normalized  by  dividing 
all  measured  wing  tip  helix  angle  values  by  the  maximum  measured  value. 

The  resulting  normalized  rolling  maneuver  probability  distributions  are 
presented  in  Figure  9* 
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SECTION  IV 

COMPARISONS  WITH  OTHER  AIRCRAFT 

The  wing  tip  helix  angle  data  points  of  Figure  8  were  normalized  to 
eliminate  the  effects  of  aircraft  capability  or  type.  The  effectiveness 
of  this  procedure  may  be  further  checked  by  comparisons  with  the 
normalized  data  of  other  aircraft. 

Figure  10  presents  the  probability  of  exceeding  the  parameter  job  for 
the  T -84F  airplane  as  obtained  from  Reference  6.  The  curve  is  basel^on 
data  measured  during  operational  training  missions,  and  can  be  normalized 
in  the  same  manner  i»~«.d  for  the  data  of  References  1  and  2.  Figure  11 
shows  the  comparison  of  the  F-84F  with  the  F-5A,  and  F-105D  aircraft.  It 
can  be  seen  that  the  Rp  distribution  based  on  the  F-84F  data  is  very 
close  to  that  calculated  for  the  F-105D  and  in  general  agreement  with 
the  F-5A. 

Tables  IX  through  XIII  present  flight  loads  data  measured  on  an 
F-102A  airplane  as  obtained  from  Reference  9»  The  data  resulted  from 
an  effort  to  re-evaluate  the  F-102A  useful  operational  life  based  on 
actual  in-flight  loads  and  stresses.  Coincident  with  this  effort 
eight-channel  data  (airspaed,  altitude,  three-axes  linear  accelerations 
and  rotational  velocities)  were  measured  for  application  to  structural 
design  criteria. 

In  order  to  make  meaningful  comparisons,  identical  threshold  values 
must  be  used.  Since  the  F-5A  and  F-105Q  data  was  based  on  a  roll  rate 
threshold  of  30  degr./see,.,  the  F-102A  roll  rate  occurrences  below 
0.52  radiahs/soc.  were  deleted  from  further  consideration. 

The  large  velocity  increment  from  0  to  250  knots  does  not  allow  a 

high  level  of  confidence  in  the  calculated  job  values  for  this  increment. 

•  .  2V 
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The  magnitude  of  the  low  speeds  below  25Q  knots  must  thus  be  defined 
more  accurately.  Consideration  of  the  F-102A  take-off,  landing  and 
approach  speeds,  as  well  as  review  of  the  processed  data  suggests  an 
approximate  value  of  200  knots.  The  roll  rate  occurrences  in  the  incre¬ 
ment  from  0  to  250  knots  were  thus  assumed  to  occur  at  a  velocity  of 
200  knots. 

Determination  of  the  final  Rp  frequency  distribution  was  accom¬ 
plished  in  the  same  manner  as  used  for  the  F-105D  and  F-r5A  data  except 
for  the  fact  that  the  actual  altitudes  and  speeds  could  be  correlated 
as  seen  in  Tables  IX  through  XIII.  Figure  11  shows  the  comparison  of 
the  F-102A  with  the  F-5A,  F-105D  and  F-84F  aircraft. 

Quite  good  agreement  is  shown  for  all  aircraft  even  though  the 
mission  usage  was  considerably  different.  Based  on  this  agreement  it 
is  postulated  that  the  variation  in  probability  of  exceedance  in  the 
ratio  Rp  is  little  affected  by  mission  differences.  A  probability  curve 
based  on  the  data  points  for  all  four  aircraft  and  presented  in  Figure  12 
is  proposed  as  the  statistical  model  for  the  rolling  maneuvers  of  any  air¬ 
craft.  For  future  designs  the  effect  ox'  airplane  type  can  be  accounted 
for  through  denormalisiation  of  the  curve  using  the  airplane’s  maximum 

determined  pb  capability. 

2V 

Figures  13  arid  14  present  the  probability  distributions  for  the 
normal  load  factor  and  roll  rate  for  the  F-84F.  These  curves  are  based 
on  threshold  values  of  1.0  "g"  for  load  factor  and  0.4  rad. /sec.  for 
roll  rate.  The  data  in  References  1  and  2  is  based  on  threshold  values 
of  2,0  "g''  and  degr./sec,  for  the  normal  load  factor  and  rolling 
velocity  respectively. 

From  Figure  13  it  is  seen  that  the  probability  of  exceedance  of 
2.0  "g"  equals  0.27  for  the  F-84F.  From  Figure  14  the  probability  of 
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exceedance*  of  p  roll  rate  of  30  degr./ssc.  equals  0.68  for  this  air¬ 
craft.  Thd  number  of  exceedances  above  the  new  thresholds  is  then 
0.27  x  7024  =  1896  for  the  normal  load  factor  and  0.68  x  2256  =  1534 
for  the  roll  rate.  An  unsymmetrical  maneuver  load  factor  limit  is  not 
speci^'.ed  for  the  F-84F.  All  1896  load  factor  occurrences  are  there¬ 
fore  applicable.  The  1534  roll  rate  occurrences  are  distributed  over 
the  entire  airplane  normal  load  factor  range  and  include  a  significant 
number  while  the  load  factor  was  below  the  2.0  "g”  threshold.  How 
large  this  number  is  cannot  be  determined  from  the  data  in  Reference  6. 
However,  the  data  in  Reference  1  and  2  suggest  this  to  be  on  the  average 
about  85$  of  the  total.  The  number  of  roll  rate  peaks  which  occurred 
while  the  load  factor  was  outside  its  threshold  would  then  be 
(liO  -  .85)  x  1534  =  230.  This  resu?.ts  in  a  percentage  of  roll  peak 
occurrences  as  a  function  of  normal  maneuver  occurrences  of 
(230/I896)  x  100  =  12.1$.  This  value  is  amazingly  close  to  the 
average  value  of  13$  suggested  previously  in  the  study. 
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SECTION  V 

APPLICATION  OF  RESULTS 

Even  though  the  effects  of  aircraft  type  have  been  accounted  for  in 
the  development  of  the  statistical  rolling  maneuver  model,  the  actual 
number  of  occurrences  of  roll  peak  values  will  still  be  dependent  on  Air¬ 
craft  mission. 

Review  of  the  mission  phase  data  in  References  1  and  2  shows  that 
the  maximum  number  of  rolling  maneuvers,  in  terms  of  occurrences  per  hour, 
were  measured  during  low  angle  bombing  and  ground  gunnery  runs.  The 
remaining  rolling  maneuvers  are  distributed  mainly  in  the  descent,  loiter 
and  cruise  phases.  The  rolling  maneuver  occurrences  appear  therefore  to 
be  quite  dependent  on  mission  segment.  The  M1L-A-8866A  (USAF)  specifi¬ 
cation  makes  allowance  for  variation  in  ^mission  segments  in  Its  defini¬ 
tion  of  the  maneuver  load  factor  spectra  requirements.  The  relative 
severity  of  these  spectra  across  the  different  mission  segments  is 
reasonably  consistent  with  the  relative  measured  load  factor  occurrences 
within  comparable  mission  segments  of  References  1  and  2.  Figure  15 
presents  a  comparison  of  the  specified  and  measured  load  factor  occur¬ 
rences  for  the  data  from  Reference  1.  Based  o».  this  comparison  it  would 
appear  -hat  when  using  the  MIL-A-8866A  specified  maneuver  spectra  in  a 
design,  that  the  rolling  maneuver  spectra  based  on  13#  of  the  number  of 
normal  load  factor  up  to  and  including  the  un symmetrical  nu  rauver  load 
factor  would  be  distributed  in  a  reasonable  manner  across  all  mission 
segments.  It  is  assumed  that  this  will  hold  for  all  classes  of  airplanes. 

To  determine  the  abruptness;  of  a  roll  maneuver,  statistical  infor¬ 
mation  on  the  time  to  reach  the  rolling  velocity  would  be  required. 

This  information  is  not  available  but  could  be  obtained  from  special 
studies  utilising  the  original  time  histories.  Any  specified  maneuver 
abruptness  would  present  have  to  be  based  on  rather  arbitrary 
assumptions;..  •  .  .  .  .  ; 
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tor  many  years  the  symmetrical  loads  to  be  used  for  fatigue  purposes 
have  been  based  on  balanced  conditions.  There  is  no  reason  why  this 
approach  cannot  also  be  used  in  the  determination  of  loads  for  antisym¬ 
metry  cal  maneuvers.  Application  of  control  deflections  necessary  to 
overcome  the  airplane  damping  in  roll  and  provide  the  desired  roll  rate 
at  a  given  load  factor  level  woulc  then  provide  an  acceptable  alternative 
to  the  specification  of  maneuver  abruptness. 

In  certain  cases  an  airplane’s  maximum  rolling  velocity  or  pb  is 

2V 

reached  only  alter  the  airplane  has  rolled  through  excessively  large 
angles  which  oxceed  any  design  requirements.  It  is  then  more  realistic 
to  consider  maximum  roiling  velocities  attainable  within  a  bank  to  bank 
roll,  where  the  bank  angles  are  as  determined  by  the  design  maneuver 
load  factors. 

In  summary,  all  previously  discussed  considerations  may  be  combined 
to  form  the  following  general  procedure  for  determining  the  rolling 
maneuver  spectra  for  any  aircraft. 

1.  Divide  the  airplane’s  mission  profiles  into  the  necessary 
number  of  flight  segments  or  usage  blocks. 

2.  Determine  the  maximum  available  value  of  the  helix  angle  pb 

2V 

for  each  flight  segment. 

Prom  Figure  12  calculate  the  probability  of  exceeding  job. 

2V 

h.  Using  the  speed  V  and  the  dimension  b/2  for  each  segment, 
calculate  the  probability  of  exceeding  rolling  velocities. 

5.  For  each  segment  determine  the  load  factor  occurrences  which 
include  rolling  maneuvers  by  taking  13^  of  the  specified  load 
factor  spectrum  up  to  and  including  the  unsymmetric  maneuver 
load  factor. 

* 

6.  Distribute  the  roHihg  velocities -at  each'load  factor  "level 
according  to  the  probability  curves  derived  in  3  above. 
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SECTION  VI 
CONCLUSIONS 

The  multiparameter  flight  loads  data  measured  on  the  F-5A  and  F-105O 

aircraft  has  been  used  in  the  developm  nt  of  a  generalized  wing  tip  helix 

angle  probability  of  exceedance  curve.  This  curve  may  ho  used  with  the 

analytical  maximum  value  of  the  parameter  ob  to  estimate  the  probability 

2V 

of  exceedance  of  rolling  velocity  magnitudes  for  a.  y  aircraft. 

It  has  also  been  determined  that  the  number  of  occurrences  of  a 
rolling  condition  may  be  considered  equal  to  1355  of  the  number  of  posi¬ 
tive  normal  load  factor  occurrences  when  specified  for  an  aircraft  typs 
according  to  the  MIL-A-88S6A  specification.  Since  all  aircraft  generally 
perform  the  same  types  of  maneuvers,  the  parameter  time  histories  will  be 
identical,  and  the  number  of  rolling  occurrences  will  be  equally  divided 

between  left  and  right  rolling  conditions  for  &L*  aircraft. 

* 

Comparisons  with  available  F-84F  and  F-102A  data  havs  provided 
increased  confidence  in  the  approach  of  this  study.  Although  the  results 
are  encouraging,  data  comparison  with  other  types  of  aircraft  is  desir¬ 
able  and  necessary.  Nevertheless,  the  present  approach  does  prov3.de  a 
mow  realistic  description  of  anti symmetrical  maneuver  spectra  than  was 
available  previously.  At  the  same  time  it  is  realized  that  t.i©  number 
of  load  peaks  on  some  aircraft  component  il<  not  necessarily  directly 
related  to  the  number  of  peaks  of  k  single  parameter.  However,  for  pur¬ 
poses  of  component  loading  spectra  fee  rolling  conditions  the  rolling 
velocity  parameter  is  definitely  the  mout  significant  and  should  provide 
adequate  results. 

Those  rolling  velocities  which  occur  below  the  threshold  may  be 
considered  to  represent  symmetrical  load  conditions.  ;  4 
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FIGURE  3  -  SIMPLIFIED  ROLLING  MANEUVER  TIME  HISTORY 
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FIGURE  9  -  PROBABILITY  Or’  EXCBETANCE  OF  THE  NORMALIZED  HELIX  ANGL 
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FIGURE  II 
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PROBABILITY  OF  EXCEEDANCE  CT  HELIX  ANGLE  RATIO 
Rp  FOR  THE  7 -5k,  7-10$ D,  7-dKP,  AND  F-1Q2A 
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FIGURE  12  -  PROBABILITT  OF  EXCEEDANCE  OF  THE  HELIX  ANGLE  RATIO 
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